Uterine sections from 6 patients with incidental nodal lymphangioleiomyomatosis (LAM) were examined for LAM lesions by screening these sections with cathepsin K immunohistochemistry (IHC) stains. The hysterectomy specimens were all concurrent with the lymph node dissections in which the nodal LAM was discovered. In 4 of 6 patients microscopic lesions of pre-LAM were identifi ed and confi rmed by IHC staining for HMB-45 and beta-catenin. All lesions were grossly inapparent and also inapparent by routine hematoxylin and eosin stains. Three variants of pre-LAM lesions were identifi ed. None of the pre-LAM lesions had an associated lymphatic proliferation. It is proposed that these pre-LAM lesions gave rise to the incidental nodal LAM lesions. Furthermore, it is suggested that the absence of an associated lymphatic proliferation associated with these lesions may be a factor in the attenuated potential for spread and the only rare association of these nodal lesions with pulmonary LAM.
Introduction
Incidental nodal lymphangioleiomyomatosis (LAM) has been well described in 3 recent series [1] [2] [3] and for the most part does not appear to be a harbinger of pulmonary LAM. However, the pathogenesis of these nodal lesions is not well described. In particular, it is not known whether these lesions arise de novo in the affected lymph nodes from smooth muscle in the lymph node capsules or whether the nodal LAM represents a metastasis. If these lesions represent metastases, the primary site for these lesions has not been identi ied. It is known that in patients with pulmonary LAM, that uterine and adnexal lesions of LAM can be identi ied and it has been proposed that these lesions are the primary site of the LAM cells that spread to the lungs [4] . It was my hypothesis that the primary site for LAM spread to the pelvic and para-aortic lymph nodes with incidental nodal LAM would likely be the same sites as the precursor lesions for pulmonary LAM, in particular the uterine myometrium. The objective of this study was to identify uterine precursor LAM lesions and describe their morphologic appearance(s). To this end, the surgical pathology iles at El Camino Hospital were searched for cases of incidental nodal LAM involving pelvic and/or para-aortic lymph nodes where there was also a hysterectomy specimen. My hypothesis was that precursor LAM lesions would be identi ied that could give rise to the nodal LAM. If identi ied, it was also possible that there might be features that would explain the more attenuated potential for spread as compared to the lesions that result in pulmonary LAM.
Materials and Methods

Case selection
The case iles of El Camino Hospital were searched for cases of nodal LAM. 7 cases were identi ied, however, only 6 of these cases had an associated hysterectomy specimen. These cases derive from 953 cases of gynecologic neoplasms (cervical, uterine, tubal and ovarian) in which pelvic and/ or aortic lymph nodes were sampled. In addition, 6 control cases were identi ied from endometrial carcinoma resections whose regional lymph nodes showed no evidence of nodal LAM.
Histologic assessment
All slides from the cases identi ied with nodal LAM were reviewed and the diagnosis of nodal LAM con irmed. All cases of nodal LAM showed characteristic histologic features and showed positive staining for Cathepsin K and HMB-45. All sections of myometrium were examined from all 6 cases with nodal LAM for histologic evidence of a typical uterine LAM lesion. There were no histologically identi iable lesions in any of these cases on routine hematoxylin and eosin stains.
IHC studies
All sections of myometrium from the cases with con irmed nodal LAM were stained with cathepsin K (Cell Marque/ Sigma antibody; RTU; Leica Bond 3 with ER1 retrieval protocol at 20 min), HMB-45 (Leica antibody; RTU; Leica Bond 3 with enzyme 1 retrieval at 5 min), beta-catenin (Leica antibody; RTU; Leica Bond 3 with ER1 retrieval protocol at 20 min), desmin (Leica antibody; RTU; Leica Bond 3 with ER2 retrieval protocol at 20 min), D2-40 (Leica antibody; RTU; Leica Bond 3 with ER2 retrieval protocol at 20 min). Representative sections of myometrium from each of the 6 control cases (without nodal LAM) were also stained with cathepsin K.
Results
Clinical and pathologic features for the 6 identi ied cases of nodal LAM with an associated hysterectomy specimen including age, primary pathologic diagnosis for specimen, LN involvement, number of sections of uterus examined, number of uterine sections with lesions, and total number of lesions identi ied are displayed in table 1. Results of the immunohistochemical evaluation of the uterine sections are displayed in table 2. 3 morphologic variants of pre-LAM lesions were identi ied. The irst morphologic variant is one which may represent the earliest manifestation of these lesions. The lesion is composed of epithelioid appearing cells in small clusters which strongly express cathepsin K and HMB-45 ( Figure 1) . Although it is possible that these represent spindled cells cut on end, I suspect they represent the earliest morphologic manifestation of the mutated Mullerian smooth muscle cell before limited proliferation leads to the more spindle shaped forms of these cells. The second morphologic variant is the one I have found to be most common. In these lesions there is a proliferation of spindle-shaped altered smooth muscle cells which are present in small localized fascicles, and as they expand, take on a stellate appearance ( Figure 2 ). The third morphologic variant, seen in one case, is characterized by a diffuse insinuation of the spindle-shaped pre-LAM cells in an area of normal myometrial smooth muscle cells ( Figure  3 ). This lesion is most dif icult to detect as the cathepsin K positive cells are spread out and more dif icult to identify than when they occur in tight clusters. However, the HMB-45 in this area of diffuse insinuation was strong and readily identi iable in the altered smooth muscle cells. The beta catenin was negative in this area.
Discussion
The incidence of nodal LAM in this series is 0.73% (7/953 cases). This is remarkably similar to the 0.46% incidence that has been previously reported [3] . Incidental nodal LAM has limited potential for proliferation and spread with only one case of subsequent pulmonary LAM having Negative (-) (-) +(normal myometrium) (-) normal *D2-40 staining pattern appears normal without increased lymphatic proliferation associated with the precursor uterine LAM lesions **Case 1 was the subject of a prior case report [5] . https://doi.org/10.29328/journal.apcr.1001016 been described [3] . I have previously reported one of the cases in this current series (case 1) of incidental nodal LAM where uterine precursor LAM lesions were identi ied in the uterus [5] . I have arbitrarily designated these proliferations as pre-LAM lesions because of the consistent absence of an associated lymphatic proliferation. This report further documents these pre-LAM lesions and further expands the spectrum of their appearances. It is important to note that all of these lesions are grossly inapparent and inapparent on routine H+E microscopy. In this study, the most sensitive marker for detection of these pre-LAM lesions is cathepsin K. HMB-45 and cytoplasmic beta-catenin staining can provide con irmatory evidence for the presence of the pre-LAM lesion. Beta-catenin was used as a report has indicated that LAM cells have positive staining for cytoplasmic beta-catenin [6] . However, neither of these markers are suf iciently sensitive to be used as a screening test for the lesions.
Because of the retrospective nature of this study, the number of myometrial sections for each case was limited. Nevertheless, in 4 of 6 cases evidence of these pre-LAM lesions were identi ied. In 6 control cases, without incidental nodal LAM, there was no evidence of these pre-LAM lesions identi ied. If additional sections were examined from the 2 negative cases, I suspect lesions of pre-LAM would have been identi ied. In one of that four cases I report, there were numerous pre-LAM lesions in all of the random sections of myometrium. However, in the remaining 3 cases, the number of lesions were quite limited and not present in every myometrial section. Because these are grossly invisible, without examination of myometrial sections of the uterus with an immunohistochemical stain for cathepsin K, these pre-LAM lesions will been missed. I have identi ied 3 morphologic variants of pre-LAM lesions, although I believe all are related and have no special signi icance. I note them here to help facilitate identi ication of uterine pre-LAM lesions. The proliferations identi ied and described above have no morphologic features which reliably allow them to be identi ied in routine hematoxylin and eosin stained sections as they look indistinguishable from the surrounding normal myometrial smooth muscle cells. They are best identi ied by immunohistochemical staining for cathepsin K and in many cases can be con irmed by immunohistochemical staining for HMB-45 and cytoplasmic beta catenin. It is important to note that in all 4 cases there is no associated lymphatic proliferation. For this reason I have proposed the term pre-LAM to better describe them. In all well-developed LAM lesions including the uterus [4] , the lymph nodes [2] , and the lungs [7] , there is a lymphatic proliferation associated with the altered smooth muscle proliferation. In particular, this is true for the uterine LAM lesions which have been described in patients with the tuberous sclerosis complex and pulmonary LAM. An alternative term for these pre-LAM lesions might be "microscopic melanomyocytic" proliferations. However, I prefer the term pre-LAM to underscore their relationship to LAM lesions. I propose that these uterine pre-LAM lesions give rise to the incidental nodal LAM by spread from the uterus to the regional lymph nodes. The absence of an associated lymphatic proliferation may be the reason for the apparent limited potential for extensive spread of the cells and the only rare association with pulmonary LAM. In this regard, the degree of lymphangiogenesis in pulmonary LAM has been correlated with the histologic severity of the disease [8] .
Finally, I believe these additional cases of uterine pre-LAM lesions adds further support to my proposal that the precursor to the LAM cell is a Mullerian smooth muscle cell. Other investigators have identi ied LAM lesions in the female genital tract including the fallopian tubes and ovaries as well as the myometrium , which they have proposed to be precursor lesions for pulmonary LAM [4] . In the lesions I describe, the intimate admixture of the pre-LAM cells with normal smooth muscle cells of the uterus and essential histologic identity with normal smooth muscle cells, in my opinion, supports this concept.
In summary, 6 patients with incidentally discovered nodal LAM who also had an associated hysterectomy specimen, underwent a retrospect the examination of their uterine histologic sections with immunohistochemical stains for evidence of uterine lesions. In 4 of 6 patients, uterine lesions of pre-LAM were identi ied. It is likely that in the other 2 patients lesions were present but not sampled. I propose that these pre-LAM lesions are the primary site for the cells that spread to the regional lymph nodes and form incidental nodal LAM lesions. The absence of an associated lymphatic proliferation may be a factor in their limited potential for spread and the only rare association with pulmonary LAM.
Finally, I propose that the Mullerian smooth muscle cell is precursor cell for the LAM cell.
